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1.Fundamentals on
Spin Waves



What is a spin wave?

— Aligned spins A
Heff

arts to precess
— Couple to their neighbours
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Dipolar spin waves dispersion
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Spin waves - d[polar-exchange

Landau-Lifshitz equation: %\A = —\7/ M x I:Ieff
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2. Spin Waves nano-grating
coupler



Grating Coupler Effect In
Plasmonics and Photonics

The grating coupler vector is defined as G'= 27 /a, where a is the period of the grating.

[ Grating couplers]
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Ekmel Ozbay, Plasmonics: Merging

Photonics and Electronics at Nanoscale
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Magnonic Grating Coupler




Key Results
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3. Sample Preparation




Dot Structure

E-beam lithography
lon beam milling

Evaporation of Py or Co

(without taking it from the vacuum chamber!)
300 nm

Lift-off process

48 nm




Integrate Spin Wave Antennae
Coplanar Waveguide (CPW)

1.  AlLOj; (5 nm) using Atomic Layer Deposition

2. E-beam Lithography for 4 Integrated Gold CPWs




3. Spin-wave
Measurements



VNA Setup

The microwave current supplied by the VNA excites the spins through the oscillating
magnetic field which surrounds the inner conductor




Angle Dependence @ 40mT
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Spin-wave Modes Simulation

Daemon-Eshbach mode dispersion
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“Crossing” modes
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Omnidirectional Spin Wave Modes
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4. Further Analysis




Lattice Constant Dependence
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(e) Signal strengths of modes with ki—Goy (squares), 1+ Goy (circles) and k1+G1q (triangles) mea-

sured on the CoFeB/Py BMCs with different lattice constants a. Signal strengths are normalized

to the kr signal.




Material Dependence
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5. Conclusion



Advantages and perspectives

Omnidirectional spin wave emission

Wave vector tuned by lattice constant

Engineered BMC by changing two materials

for even larger spin wave enhancement

Interlock the phase of neighboring

spin transfer torgue nanooscillators




Thank you for your attention!



Magnonic Crystals (MCs)

2D Bicomponent MCs (BMCs)



Magnonic Grating Coupler in MCs

Sample 1 ta t3 a d  Filling Observed grating Maximum
nm nm nm nm nm fraction f’ coupler modes enhancement
(%)
1D BMC 40 30 40 400 120 0.3 ki — Goy 7183
(Py/CoFeB)
2D BMC 26 15 7 1000 4: ! kr — Goy
(Py/Co) kr — 2 x Goy
kr —3 x Gopp
2D ADL 24 N/A & 600 : 2 kr — Gop
kr + G
kr —Gro
2D BMC ! : : k1 + Gop 20668
(CoFeB/Py) kr + G
kr + Gho




Material Dependence
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Transmission

ki — Go1 k1 + Goi
BMC S34 Plane film S12




Out-of-plane Field @1.8T
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Proposed Magnonic Device

clock CPW nanooscillator

magnonics spintronics
grating-coupler spin wave
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